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Abstract
An unmixing method for hyperspectral data based on subspace method with learning
process is proposed.Unmixing methods can be divided into three categories, inversion
method, SVD (Singular Value Decomposition) based method, and subspace method.
Although these methods works well if the distribution of the hyperspectral data in
feature space can be represented as somewhat convex function, it is now allways true.
Unmixing method proposed here does work even if the distribution is expressed with
concave function because the method adjust the axis of subspace through a learn-
ing process. Through experimental studies with AVIRIS (Airborne Visible InfraRed
Imaging Spectrometer) data, it is found that the proposed method achieves 16.3% of
improvement of the unmixing accuracy in terms of root mean square error in compari-
son to the well known least square unmixing method. Also it is foundthat the proposed
method shows 15.0% better accuracy in comparison to the subspace based unmixing
method. The reasons for the improvement are clarified in a comprehensive manner
with the simple example of the 3D feature space together with two categories.
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 2.1: Created subspace based on subspace method Dotted lines show the created
subspace composed with (10,0,3) and (0,11,3)
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 2.2: Created subspace based on subspace method with learning process Dotted lines
show the created subspace composed with (10,0,0) and (0,9,5)
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 2.3: Unmixing error as a function of rotation angle of the subspace coordinate
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5.1.1 AVIRIS
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A5.4: A spectral database
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A5.5: AVIRIS data
53
5.1.3  

5.2: 
?ﬃ"
Mixture rate
Mixing w1 w2 w3 w4
Dataset1 0.5 0.5
Dataset2 0.33 0.33 0.33
Dataset3 0.25 0.25 0.25 0.25
2
 0
/
"
(6 	
$

?
) 3
 0
/
"
(4 	
$

?
) 4
 0
/
"
(1 	
$

?
)
^
2
3 -
?
5.2     ﬀ
 10
/
"
$ﬁﬃﬂ 
D
$
0
b
ﬃ"!
$#
9
$$
" '
-&%('*) +
"
ηi -
ηl =
∑l
i=1 σ
2
i∑n
i=1 σ
2
i
(5.1)
%#= >Z?N$J$T%
σ2i
'
ﬁ*ﬂﬃ
 
$ﬁ
+
%#=
 - i
',ﬃ! ^G_-
?
- ./0
- ηi
'
n
,
!
$1ﬁ ﬂ32
 
$54
0
-76ﬃ8
$
l
,!39
%
$1ﬁ
+
$;:ﬃﬁ
+
ﬃ
$1$
%[=2>@?
-<
+
$
 0
/
">=@?

.
%&')*+
"^@ACB
-
$
 ^EDF
3
+1G
ﬁﬃH
";I
$
,ﬃ!KJ^>L

-
>Z?
G
ﬁCH
"MI
-N
f
G
ﬁH
"MI
-&G
ﬁH
"/I
$
,!(J ﬃ
%'ﬃ) +
"
$'KO
^
A
5.6
(
ﬃ
)
A
5.7
=P CQ -_-
? $
ﬂR=@?

3
+MSﬃT1-&UV*WYXZ;[W
P[RZSﬃU
$@\
=R]
l
,!^=
+(%'ﬃ)+
"
e
100%
=_a`
+#l
>@?&b
B
+
]3.
l
,!
$
G
ﬁCH
"
$c
=;de
$@fg
eMhi
9

+l
>2$ j e1k
>Z?
A
5.6,
A
5.7 l

W;G
ﬁﬃH
";I
(
ﬃ )MN
f
G
ﬁﬃH
"MI'
%7' ) +
"
$
] m
l
T';]^.
l
, !
%
/ lK%('*)+
":^n_*o
%^pC>mN%Mqr
+
l
>&?
54
A5.6: Cumurative contribution factor for subspace Method From the top to bottom
lines correspond to the category of grass, road, playa and bush
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A5.7: Cumurative contribution factor for subspace method with learning process
From the top to bottom lines correspond to the category of grass, road, playa and bush
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5.3: A comparison of unmixing error
Method 4 categories 3 categories 2 categories
Least Square 0.000479 0.000751 0.000300
0.000244 0.000611
0.000177 0.000096
0.000158
0.000086
0.000132
Subspace 0.000472 0.000744 0.000290
0.000179 0.000610
0.000077 0.000096
0.000157
0.000086
0.000132
Subspace 0.000401 0.000666 0.000160
with 0.000161 0.000440
Learning 0.000073 0.000084
Process 0.000077
0.000074
0.000120
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